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Summary of Invention 

When deteraiining the sequence of DNA molecule, it is coinmon practice to 
prepare sets of fragments of DNA, each set reflecting in the lengths of the fragments the 
positions of one of the four bases, A, C, G and T, that make up DNA. These sets of fragments 
are evaluated by electrophoresis to determine the size of the fragments in the set, and hence the 
positions of each base in the sequence. While this process is elegant and even simple in theory, 
experimental variability observed in actual practice makes automation of the process difficult 
because the peaks associated with different size fragments do not resolve at the regular spacing 
which theory would predict, and in fact sometimes overlap to such an extent that it is difficult to 
determine the order of bases. The present invention provides one method to assign correct base 
numbers to observed peaks in these electrophoresis traces to facilitate automated sequencing. 

As set forth in the claim 1, one aspect of the present invention is directed to a 
method for assignment of base numbers to peaks within an experimental DNA sequencing data 
trace derived from the separation of experimental DNA sequencing fragments. This method 
comprises the steps of: 

(a) obtaining one or more reference DNA sequencing data traces derived from 
the separation of reference DNA sequencing fragments reflecting the position of at least one base 
in a reference pol3aiucleotide of known sequence; 

(b) evaluating the reference DNA sequencing data traces to determine a 
corrected time scale indicative of migration times at which peaks should occur; 

(c) sampling the experimental DNA sequencing data trace at time points 
determined by the corrected time scale, and 

(d) assigning a base number to each peak found in the experimental DNA 
sequencing data trace based upon the corrected time scale. When this method is performed for 
sufficient species of bases, the sequence of the target nucleotide is determined. (Claim 1 1). 
Claims 21 and 22 are directed to apparatus, which receives input concerning electrophoresis 
traces, and comprises processors programmed to perform the method of the invention. 
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Issues on Appeal 

1 . Ai-e claims 1 -22 anticipated by US Patent No. 6,303,303 of Green et al? 

2. Are claims 21 and 22 properly rejected for obYiousness-type double patenting 
over claims 1-14 of Green et al? 

Appellants submit that both of these questions should be answered in the negative. 
Grouping of Claims 

The claims are ai'gued as several distinct groups that do not stand or fall together. 
As is apparent from the discussion below, this is appropriate because the dependent claims 
contain limitations not found in the independent claims and which the Examiner has not 
identified as being taught by the allegedly anticipatory Green reference. Thus: 

Claims 1, 4, 9-11, 15, 20 and 21 are argued as a first group. 

Claims 2, 5, 12, 16 and 22 are argued as a second group. 

Claim 3,13 and 14 are argued as a third group. 

Claims 6-8 and 17-19 are argued as a fourth group. 

Argument 

Anticipation 

Claims 1-22 are rejected by the Examiner as anticipated under 35 USC § 102(e) 
by US Patent No. 6,303,303 of Green et al. In order to justify an anticipation rejection, the law 
requires that the single reference relied upon teach each and every element of the claimed 
invention. Failure to disclose even a single element requires that the reversal of the rejection. In 
the present case, the reference fails to disclose several limitations found hi each and every claun. 
In addition, the Examiner has not addressed limitations in dependent claims, and these 
limitations are also not disclosed. Thus, reversal of the rejection is appropriate. 
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Claims 1.11 and 21 Are Not Anticipated 

Claim 1 recites a method for assigning base numbers to electrophoresis peaks. 
Claim 1 1 recites a method for evaluating the sequence of a target polynucleotide. While the 
specific limitations in these claims will be discussed below in detail, and compared to the Green 
patent, it is informative to start by looking at the differences between the inventions of this and 
the Green patent. 

The present invention makes use of a reference data trace wMch is collected using 
the same apparatus, subject to the same experimental variations as the experimental data traces. 
The reference data trace is derived from the samples of known sequence, but this sequence need 
bear no relationship to the experimental sequence being determined. This means, as an important 
consequence, that the methodology of this application can be employed when the nature of the 
DNA being sequenced is not known. 

It is well known in the art that the time-spacing between peaks is not constant 
over a sequencing run, and further that it can vary from lane to lane of a sequencing gel. The 
reference trace in the method of the present invention is evaluated to determine where the peaks 
are located, and thus to determine the times at which peaks should occur in an experimental data 
trace run under the same conditions. The experimental data traces are then evaluated at these 
times to see if peaks are present. For example, if one knows that from the reference trace that 
base number 100 is represented by a peak at time X, then one can look at the experimental data 
trace(s) at time X and assign whatever peak is found there as base 100 in the experimental 
sequence. 

In contrast, in the Green patents, the standard data trace is one which should 
(absent mutation or error) be the same as the experimental fragment. The Green method can only 
be performed where the user knows what the material being sequenced is. The analysis of the 
two traces (standard and experimental) is done to determine the stretching and shifting which is 
needed to make the experimental trace look like the standard. Thus, in Green, a polynomial 
function is determined to define the stretching and shifting which is needed to make the 

_4. 



experimental trace look like the standard trace. In the Green patents, there is no analysis of the 
standard data trace to find the times at which peaks actually occur and thus the times at which 
peaks should occur in an experimental data trace run under the same conditions. There is also no 
use of a defined time scale to sample for peaks. 

The Examiner has oversimplified and mischaracterized claim 1 by stating that aU 
that is required in the present claims is that "experimental data be compared to a reference trace 
taken at a time location. " This statement is incorrect in several respects. First of aU, in the 
present invention, there is no comparison between the reference trace and the experimental data 
trace as that term is used in Green. There is only the identification of a list of times that 
correspond to peak locations from the reference trace and the use of these times to direct 
sampling of the experimental trace(s). Second, the isolated steps of Green that happen to use 
similar words like "time," do not equal that which is claimed. 

For example, step (b) of claims 1 and 1 1 reads: 

(b) evaluating the reference DNA sequencing data traces to determine a 
conected time scale indicative of migration times at which peaks should 
occur. 

The Examiner has not pointed to where in the Green patent this step is performed, and cannot do 
so because no such step is performed. Green does not identify the locations (i.e., the times) of 
peaks in the standard )or reference) data trace and does not deteraiine a corrected time scale 
based on the positions of peaks in the reference data trace. Indeed, notwithstanding the 
Examiner's statement (without citation. Office Action of September 26, 2002, Page 3) that Green 
teaches "normalization of spacing between peaks using a second order polynomial to give a 
corrected time scale," the words "corrected" and "time scale" appear nowhere in the Green 
Patent. This is not surprising since Green has nothing to do with correction of time scale, but 
rather with using the second order or higher polynomial to make two fragments look ahke 
(regardless of the time scale). Furthermore, this process is performed as a modification to the 
experimental data trace. The present invention does not rely on changing the experimental data 
trace, but instead uses the reference data trace to establish specific windows in time in which to 
look for peaks in the experimental data trace. 
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The Exammer also incorrectly asserts that "all that is disclosed includes 'sampling 
the experimental data trace(s) at time points.'" Claims 1 and 11, however say more than this. 
Step (c) reads: "sampling the experimental DNA sequencing data trace(s) at time points 
deteradned by the corrected time scale" which is the corrected time scale determined in step 
(b) that says where the peaks ought to be. In assessing anticipation, the Examiner may not 
choose to omit words from the claim, and then say that the revised limitation is met. It is the 
entire claim that must be found in the reference cited. 

Claim 21 recites an apparatus for perfonniag the method of claim 1. The claim 
recites processor components programmed to accomplish each of the method steps set forth in 
claim 1 . The failure of the Examiner to show that these steps are taught in Green means that 
there is no teaching of an apparatus to perform these steps. 

The rejection of claims 1, and 21, and claims 4, 9, 10, 15, and 20 dependent 
thereon, should therefore be reversed. 

Claims 2, 12, and 22 Are Not Anticipated 

Notwithstanding the submission of specific argument concerning additional 
limitations in claims 2 and 12, the Examiner has never addressed these limitations and said 
where they are found in the Green patent. Appellants submit that these limitations are also 
lacking, and that the rejection of this claim is therefore separately reversible. 

Claim 2 reads: 

2. The method of claim 1 , wherein the step of evaluating the reference DNA 
sequence data traces includes the steps of: 

(i) identifying a plurahty of peaks in the reference DNA 
sequencing data traces, and creating a data table containing the number of each 
peak based on the known sequence of the polynucleotide, and the position of each 
peak in the reference DNA sequencing data trace; 

(ii) identifying a set of coefficients for a polynomial effective 
to substantially Mnearize a plot of peak number versus separation between 
adjacent peaks; and 

(ui) creating from the coefficients and the polynomial a 
coiTected time scale which reflects the positions at which a peak should occur at 
any given point in a sequencing data trace. 
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The same limitations are found in claim 12. Green does not disclose making a data table. Green 
does not disclose making a plot of peak number versus peak separation for the reference trace. 
Green does not disclose linearizing such a plot, and specifically does not disclose identifying a 
set of coefficients to linearize such a plot. And Green does not even mention a corrected time 
scale. 

Claim 22 recites an apparatus for performing the method of claim 2. The claim 
recites processor components programmed to accomphsh each of the method steps set forth in 
claim 2. The failure of the Examiner to show that these steps are taught in Green means that 
there is no teaching of an apparatus to perform these steps. 

Thus, the rejection of claims 2, 12 and 22, and claims 5 and 16 dependent thereon, 
should be reversed for these additional reasons. 

Claims 3, 13 and 14 Are Not Anticipated 

Claims 3, 13 and 14 specify that the reference data trace and the experimental data 
trace are derived from analysis of sequencing fragments in a common lane of a sequencing gel. 
This is not disclosed in Green. In fact. Green indicates that the standard fragment pattern used in 
the Green methodology is suitably a typical pattern selected from among many trial runs, or a 
mathematical average of several trial runs. ('303 Patent, Col, 6, Hnes 23-39). Thus, the 
Limitation of claims 3, 13 and 14 is not taught in the Green Patent, and these claims are separately 
distinguishable from the cited reference. The rejection of these claims should therefore be 
reversed. 

Claims 6-8 and 17-19 Are Not Anticipated 

Claims 6 and 17 recite the evaluation of a defined number of bands (or peaks) 
from each of the references DNA sequencing traces for use in deterrnining the times at which the 
experimental data trace will be inspected for the presence of a peak. Claim 7 and 18 specify that 
this number is from 3-40. Claim 8 and 19 specify that the number is at least equal to the order of 
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the polynomial employed to linearize the plot of peak number versus separation between adjacent 
peaks. None of these lurdtations are found ia the Green patent. To the contrary, the Green patent 
adjusts the experimental data trace to make it look like a standard trace, and there is no teaching 
that the standard trace is linearized. Accordingly, the rejection of claims 6-8 and 17-19 should 
be reversed. 

Claims 21 and 22 Are Not Properly Rejected 
For Obviousness-Type Double Patenting 

The Examiner rejected claims 21 and 22 for obviousness-type double patenting in 

view of apparatus claims 1- 14 of the Green Patent. The Examiner has not actually compared 

the limitations of the claims, but has made a general statement, namely that "the apparatus of 

Green can perform all of the limitations set forth in the instant application" without explanation 

of how this could be the case. The data processing portion of claim 1 of Green reads as follows: 

(d) means for causing the computer processor to determine one or more 
normalization coefficients for the experimental fragment pattern, said 
normalization coefficients being selected to provide a high degree of overlap 
between a normalized fragment pattern obtained by applying the normalization 
coefficients to the experimental fragment pattern and the standard fragment 
pattern. 

This limitation calls for processing in which coefficients are found to make an experimental 
fragment pattern look hke a standard fragment pattern. In contrast, claim 21 requires that the 
processor be programmed to perform very different functions: namely (1) "to evaluate the 
reference DNA sequencing data traces to determine a corrected time scale indicative of migration 
times at which peaks should occur;" (2) "to sample the experimental DNA sequencing data traces 
at time points determined by the corrected time scale" and (3) to assign a base number to each 
peak found in the experimental DNA sequencing data traces based upon the corrected time scale, 
thereby obtaining information about the sequence of the target polynucleotide. The Examiner 
has not said how a processor programmed to identify a polynomial that wiU make two data traces 
look alike can be assumed to be able to determine a corrected time scale for one trace alone, or to 
direct the sampling of the other trace at the time points identified by that time scale. Thus, for 
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these reasons^ as discussed more fully above, there is no relationship between the apparatus of 
claims 21 and 22 and the apparatus of Green except the trivial sirmlairty that they are both data 
processing apparatus. 



double patenting rejection of this type is properly imposed when the document which is relied 
upon is available as prior art against the application. The historic rationale of obviousness-type 
double patenting is to prevent a party from getting a second patent on an obvious variant of an 
earlier-patented invention, where the earHer patent is not available as prior art against the claims, 
for example because it from the same inventors. On the other hand, where the prior patent is 
available as art, imposition of a rejection for obviousness- type double patenting places a 
commonly owned application on a worse footing than an application owned by an unrelated 
third-party. This is contraiy to the purpose of the double-patenting provisions. Thus, the 
rejection should be reversed for this additional reason. 



Applicants would further point out that the Examiner has not explained why a 



Respectfully submitted. 




Marina T. Larson Ph.D. 
PTO Reg. No. 32,038 
Attorney for Applicant 
(970) 468-6600 
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APPENDIX OF CLAIMS ON APPEAL 



1. A method for assignment of base numbers to peaks within one or more 
experimental DNA sequencing data traces derived from the separation of experimental DNA 
sequencing fragments, comprising the steps of: 

(a) obtaining one or more reference DNA sequencing data traces derived from 
the separation of reference DNA sequencing fragments reflecting the position of at least one base 
in a reference polynucleotide of known sequence; 

(b) evaluating the reference DNA sequencing data traces to detennine a 
corrected time scale indicative of migration times at which peaks should occur; 

(c) sampling the experimental DNA sequencing data trace(s) at time points 
determined by the corrected time scale, and 

(d) assigning a base number to each peak found in the experimental DNA 
sequencing data trace(s) based upon the corrected time scale. 

2. The method of claim 1, wherein the step of evaluating the reference DNA 
sequence data traces includes the steps of: 

(i) identifying a plurality of peaks in the reference DNA sequencing data 
traces, and creating a data table containing the number of each peak based on the known 
sequence of the polynucleotide, and the position of each peak in the reference DNA sequencing 
data trace; 

(ii) identifying a set of coefficients for a polynomial effective to substantially 
linearize a plot of peak number versus separation between adjacent peaks; and 

(iii) creating from the coefficients and the polynomial a corrected time scale 
which reflects the positions at which a peak should occur at any given point in a sequencing data 
trace. 



3. The method of claim 1, wherein the experimental DNA sequencing data 
traces and a first reference DNA sequencing data trace are derived from analysis of sequencing 
fragments in a common lane of a sequencing gel. 

4. The method of claim 1, wherein a plurality of reference DNA sequencing 
data traces are obtained, each derived from the sepai'ation of the same set of reference DNA 
sequencing fragments. 

5. The method of claim 2, wherein the polynomial is a third or higher order 

polynomial. 

6. The method of claim 2, wherein a defined number of bands are selected 
for evaluation fi-om each of the reference DNA sequencing data traces. 



- 10- 



7. 

from 3 to 40. 



The method of claim 6, wherein the defined number of bands selected is 



8. The method of claim 6, wherein the defined number of bands is at least 
equal to the order of the polynomial, plus 1. 

9. The method of claim 1, wherein base numbers are assigned to peaks 
within a plurality of experimental DNA sequencing data traces derived from the separation of 
experimental DNA sequencing fragments indicative of the positions of a plurality of types of 
bases. 

10. The method of claim 9, wherein base numbers are assigned to peaks 
within four experimental DNA sequencing data traces derived from the separation of 
experimental DNA sequencing fragments indicative of the positions of four types of bases. 

11. A method for evaluating the sequence of a target polynucleotide, 
comprising the steps of: 

(a) obtaining one or more experimental DNA sequencing data traces derived 
from the separation of experimental DNA sequencing fragments reflecting the position of at least 
one base in the target polynucleotide and one or more reference DNA sequencing data traces 
derived from the separation of reference DNA sequencing fragments reflecting the position of at 
least one base in a reference polynucleotide of known sequence; 

(b) evaluating the reference DNA sequencing data traces to determine a 
corrected time scale indicative of migration times at which peaks should occur; 

(c) samplbg the experimental DNA sequencing data traces at time points 
determined by the corrected time scale, and 

(d) assigning a base number to each peak found in the experimental DNA 
sequencing data traces based upon the corrected time scale, thereby obtaining information about 
the sequence of the target polynucleotide. 

12. The method of claim 11, wherein the step of evaluating the reference DNA 
sequence data traces includes the steps of: 

(i) identifying a plurality of peaks in the reference DNA sequencing data 
traces, and creating a data table containing the number of each peak based on the known 
sequence of the polynucleotide, and the position of each peak in the reference DNA sequenckig 
data trace; 

(ii) identifying a set of coefficients for a polynomial effective to substantially 
linearize a plot of peak number versus separation between adjacent peaks; and 

(iii) creating from the coefficients and the polynomial a corrected time scale 
which reflects the positions at which a peak should occur at any given point in a sequencing data 
trace. 
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13. The method of claim 1 1 , wherein the reference DNA sequencing traces 
and the experimental DNA sequencing data traces are derived from analysis of sequencing 
fragments in a common sequencing gel. 



14. The method of claim 13, wherein the experimental DNA sequenciug data 
traces and a first reference DNA sequencing data trace are derived from analysis of sequencing 
fragments in a common lane of the common sequencing gel. 

15. The method of claim 1 1 , wherein a plurality of reference DNA sequencing 
data traces are obtained, each derived from the separation of the same set of reference DNA 
sequencing fragments. 

16. The method of claim 12, wherein the polynomial is a third or higher order 

polynomial. 

17. The method of claim 12, wherein a defmed number of bands ai^e selected 
for evaluation from each of the reference DNA sequencing data traces. 

18. The method of claim 17, wherein the defmed number of bands selected is 

from 3 to 40. 

19. The method of claim 17, wherein the defined number of bands is at least 
equal to the order of the polynomial, plus 1. 

20. The method of claim 1 1 , wherein base numbers are assigned to peaks 
within a plurality of experimental DNA sequencing data traces derived from the separation of 
experimental DNA sequencing fragments indicative of the positions of a plurahty of types of 
bases. 

21. An apparatus for evaluating the sequence of a target polynucleotide, 

comprising: 

(a) an input for receiving information about one or more experimental DNA 
sequencing data traces derived from the separation of experimental DNA sequencing fragments 
reflecting the position of at least one base in the target polynucleotide and one or more reference 
DNA sequencing data traces derived from the separation of reference DNA sequencing 
fragments reflecting the position of at least one base in a reference polynucleotide of known 
sequence; 

(b) a processor, operatively programmed to evaluate the reference DNA 
sequencing data traces to determine a corrected time scale indicative of migration times at which 
peaks should occur; 

(c) a processor, operatively programed to sample the experimental DNA 
sequencing data traces at time points determined by the corrected time scale; 
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(d) a processor, operatively programmed to assign a base nimiber to each peak 
found in the experimental DNA sequencing data traces based upon the corrected time scale, 
thereby obtaining information about the sequence of the target polynucleotide; and 

(e) an output for communicating the information about the sequence of the 
target polynucleotide. 

22. The apparatus of claim 21, wherein the processor programmed to evaluate 
the reference DNA sequence data traces is programmed to perform the steps of: 

(i) identifying a plmality of peaks in the reference DNA sequencing data 
traces, and creating a data table containing the nimiber of each peak based on the known 
sequence of the polynucleotide, and the position of each peak in the reference DNA sequencing 
data trace; 

(ii) identifying a set of coefficients for a polynomial effective to substantially 
linearize a plot of peak number versus separation between adjacent peaks; and 

(iii) creating from the coefficients and the polynomial a corrected time scale 
which reflects the positions at which a peak should occur at any given point in a sequencing data 
trace. 
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